This paper is dedicated to the late Prof. G.P. Wannigama, Sri Lanka, an inspirational scientist and teacher, on the first anniversary of his death.
Endophytes are microorganisms that live in the intercellular spaces of stems, petioles, roots and leaves of plants causing no discernible manifestation of their presence and have typically remained unnoticed [1] . Endophytic fungi have been a good source of bioactive compounds [2] . Some endophytic fungi have the ability to produce the same compounds that are produced by their host plant [3] . Camptothecin, huperzine A, podophyllotoxin, taxol, vinblastine and vincristine are some examples of such compounds [4] .
In a continuation of our studies directed towards the search for bioactive compounds from Sri Lankan flora, we investigated secondary metabolites produced by an endophytic fungus, Nigrospora oryzae, isolated from Coccinia grandis of the family Cucurbitaceae. C. grandis is a popular medicinal plant used for the treatment of diabetes in Sri Lanka and India [5] . An antifungal agent, griseofulvin [6] , and some sesquiterpenes [7] have been reported from N. oryzae.
In this paper we report the isolation of an endophytic fungus from the leaves of C. grandis, identification of the fungal species as N. oryzae, and the isolation of phenazine-1-carboxylic acid (1) and phenazine-1-carboxyamide (2) as fermentation products. Compound 2 showed antifungal activity against the plant pathogen Cladosporium cladosporioides.
The endophytic fungus was isolated on potato dextrose agar (PDA) from the sterilized leaves of C. grandis and identified as N. oryzae by sequence analysis of the internal transcribed spacer (ITS) region of rDNA. Inoculation of N. oryzae culture to potato dextrose broth (PDB), fermentation for 4 weeks and extraction of the broth and mycelium with ethyl acetate (EtOAc) gave the respective EtOAc extracts. The two extracts were combined since they showed similar TLC patterns. The combined extract was active in antifungal assay against C. cladosporioides by TLC bioautography [8] , brine shrimp toxicity assay against Artemia salina (IC 50 190 ppm) [9] , phytotoxicity assay against Lactuca sativa seed germination for inhibiting shoot and root elongation (IC 50 653 and 339 ppm, The extract was chromatographed over silica gel, Sephadex LH-20 and preparative TLC (PTLC) to give compounds 1 and 2, which were identified as phenazine-1-carboxylic acid [12] and phenazine-1-carboxamide [13] , respectively by comparison of their spectral data with those reported. Compound 2 was obtained as a major metabolite (2.0 g from 13.6 g of the combined EtOAc extract obtained from 8 L PDB).
Only compound 2 strongly inhibited the growth of C. cladosporioides. The minimum quantity of compound 2 required to inhibit the growth of C. cladosporioides on a TLC plate was found to be 4 g/spot. Compound 2 was weakly active in the brine shrimp toxicity assay (IC 50 439 M). Compounds 1 and 2 displayed weak phytotoxicity (IC 50 540 and 444 M for inhibiting root and shoot elongation, respectively). Compounds 1 and 2 did not show significant antioxidant activity.
Phenazines comprise a large group of nitrogen-containing heterocyclic compounds and over 100 biologically active phenazine derivatives have been reported from a variety of bacteria, especially Pseudomonas [14] . They have a broad spectrum of antibiotic activity [14] . Compound 1, also known as tubermycin B [15] , is one of the simple molecules of the phenazine family. Phenazineproducing bacteria such as Pseudomonas spp. are part of microcolonies (biofilms) and play an important role in the rhizosphere and soil ecosystems. These bacteria compete for colonization sites on the roots of agricultural crops and protect the plants from pathogenic fungi and bacteria [16] .
The endophytic fungus N. oryzae was isolated from C. grandis for the first time. This is the first report of the isolation of phenazine derivatives from a fungal source. The present study also reported antifungal activity of 2 against the plant pathogenic fungus C. cladosporioides for the first time. Furthermore, N. oryzae was shown to be a very good producer of phenazine-1-carboxyamide (2) . It would be interesting to investigate other plant parts further, in particular roots and fruits of C. grandis, as a possible source of endophytic fungi, which may produce environmentally friendly fungicides useful for the protection of agricultural crops.
Experimental

Isolation and identification of endophytic fungus:
Fresh leaves of C. grandis were collected from the Central Province of Sri Lanka in February, 2014. Leaves were rinsed in running water and sterilized with ethanol, 5% NaOCl and distilled water 3 times. A segment (ca. 10 mm x 5 mm) of the leaf was placed on PDA media in a Petridish (90 mm) and incubated at room temperature. Emerging fungi were isolated after 4 days and sub-cultured to obtain a pure fungal culture. The fungus was identified as N. oryzae by sequence analysis of the ITS region of the rDNA gene. DNA was extracted using Promega, Wizard Genomic DNA Purification Kit (A1120) and amplification of the ITS region was carried out using the universal eukaryotic primers of ITS1 and ITS4. These experiments were performed by the GeneTech Institute, Sri Lanka. BLAST search indicated that the sequence of the ITS region had 100% similarity to that of Nigrospora oryzae CEQCA-M1190 (GenBank Accession No. KC771472.1). Photographic evidence of the leaves of C. grandis and N. oryzae strain (IFS/D/EF1/2014) are deposited at the Institute of Fundamental Studies.
Extraction and isolation of compounds:
Large scale culturing of the fungus was carried out by inoculating N. oryzae culture grown on PDA medium to 1 L conical flasks (x 20) each containing 400 mL of PDB medium, which were allowed to stand at room temperature for 10 days, and then incubated while shaking (90 rpm) every other day for another 18 days. The medium was filtered and the filtrate was partitioned with EtOAc/H 2 O. Concentration of the EtOAc layer gave the extract (6.25 g). The residual mycelium was crushed and extracted with EtOAc to give the EtOAc extract (7.33 g). Both extracts were combined and chromatographed over silica gel (n-hexane-CH 2 Cl 2 -MeOH), Sephadex LH-20 (MeOH) and PTLC (developed with CHCl 3 -MeOH 20:1, R f 0.49 for 1 and 0.37 for 2 on silica gel 60 F254 glass plate, Merck) to give compounds 1 (100 mg) and 2 (2.0 g). Purity of 1 and 2 were checked by HPLC [H 2 O-MeOH (1:4), UV detection at 254 nm]
